I INTRODUCTION
In the past decades the concern of public exposures due to the natural radiation sources has increased. In general, the main part of natural radiation contribution comes from terrestrial origins, leaving the questions of exposures from cosmic radiation to be interested in cases considering of special groups; as aircraft staff, astronauts, people living at places situated unusually high above the sea level. The terrestrial origin radiation mainly comes from the naturally occurred radioactive materials (NORM). The main radioactive components of NORMs are the 238U and 232Th series and the 40K. As the results of some industrial activities, the concentrations of natural radioisotopes can increase in certain materials and they could play an important role in the exposure of general public. The term "technologically enhanced naturally occurred radioactive material" (TENORM) is often used to refer about these.
It is convenient to divide the dose contribution from NORMs and TENORMs into two categories: external and internal radiations. The external radiation mainly can be assigned to the gamma radiation of the 214Pb and 214Bi in the 238U series, the 208T1 and 228Ac in the 232Th series and the 40K.
It should be noted here, that usually only the upper 0. 3 m thick surface layer of the ground is responsible for this exposure in outdoor. Since the contribution of walls also should be taken into consideration, on the other hand, the role of building materials can be significant.
The internal radiation can be assigned to the radioisotopes incorporated. Among them, radon decay products are the most important but sometimes the roles of other radioisotopes are also not negligible. The radon can originate from the soil and from the building materials, in the case of high radium content in them. In some cases the thoron (220Rn) and its decay products also can be a considerable factor of internal radiation when the surface of walls contains thorium with a high concentration.
The radioactive components in water, as well as drinking water and bath-water, should also be considered, from the viewpoint of radiation protection for the public.
In this paper the natural radiation sources and their role in the public exposure in Hungary are introduced. External gamma radiation measurements, radon surveys, dose contributions of building materials with extremely high radium content, and water analysis in aspect of radioactivity are described.
II GAMMA DOSE RATES
A considerable number of studies have been undertaken to measure the outdoor and indoor external gamma dose rate in worldwide. According to these surveys, the populationweighted world average of outdoor one is 57 nGy/h (range: 24 -162 nGy/h) at 1 m, but there are some places with extremely high natural dose rate, due to the high 232Th and its progeny content in soil.1) Here the dose rate can reach the level of 12, 000-30, 000 nGy/h or higher. Sometimes it is convenient to estimate the dose rate based on the radionuclide concentrations in soil. When calculating the average dose rate, the following dose conversion factors are commonly used: 40K: 0. 0414, 2380-series: 0. 46 1,232Th-series: 0. 623, (nGy/h)/(Bq/kg) or higher.1) The world average of concentrations of 40K, 238U, and 232Th in soil and rocks are 370, 25, 25 Bq/kg respectively. Assuming the dose contribution due to the terrestrial gamma dose, the population-weighted world average is estimated to be 0. 46 mSv (for children and babies itttis 10 and 30% higher, respectively) 1)
In Hungary, the outdoor external gamma dose rates are about of 70-90 nGy/h and 90-110 nGy/h for 60% and 30% of the territory, respectively. 2 However, it is reasonable to expect that the indoor gamma dose rate presents higher contribution than the outdoor one. The source of the indoor gamma dose is mainly considered to be the building material used for the construction.
The building materials shield the cosmic radiation while they act as the radiation source because of their radioisotope content. The country averages for indoor external gamma dose rates range between 20-190 nGy/h, and the population weighted world average is 80 nGy/h.1) In Hungary this value is 116 nGy/h,2) probably because the building materials used here are mostly brick, stone and concrete and relatively few percent of wood compare to the world average. Considering the radioisotope content of the building materials, the world average values of the main components are 500 Bq/kg for 40K, 50 Bq/kg for 226Ra and 50 Bq/kg for 232Th.1)
A large number of efforts have recently been addressed in Hungary to investigate building materials with elevated natural radiation and their effect on the public exposure. 3-1) According to these studies, the coals mined in the Transdanubian Mountain in the north-west part of Hungary contain high radium concentration. (Just to note: these mountain situates not too far from the famous Schneeberg, which has its fame associated with the radon problem.) Burning these coals, the remaining coal-slag and fly ash are enriched in radium. Unfortunately, they were used as insulator and filling materials under the floor and between the building levels for many years in high extent. Consequently, the external gamma radiation is well above the average in buildings in question. Compared to the world averages, radionuclide concentrations of the investigated slags are presented in Table  It can be seen that the radium content is extremely high compared to the world averages of building materials as mentioned above. These slags do not fit to the standards concerning the radioactivity of building materials. In spite of the fact that in Hungary was banned to use them, a lot of times this law was ignored or even not known due to the lack of strict control. 8 Dose rate measurements were made (used a portable dosimeter, type of Berthold AUTOMESS 6150ADB, calibrated by the Automation and Messtechnik GmbH, Germany) in dwellings, including schools, kindergartens, block of flats, family houses etc., where this slag was used for construction. Fig. 1 illustrates the results of measurements executed in a Hungarian town. 6 It can be seen that these levels are greatly higher than the world average (and country average also). Therefore, from the viewpoint of radiation protection, it is important to find the dwellings contained these building materials. This need is emphasized by the fact that the high radium content is usually associated with elevated radon gas concentration as well, as it will be discussed bellow.
III RADON
As it is well known, the radon and its progeny in air make the main contribution to radiation dose for general public from natural radiation sources. Several investigations in the past years have aimed to map the indoor radon levels in Hungary. The first study, by SOMOGYI and his co-workers, presents results from 122 flats measured by track detectors (LR 115) for 1. 5 years long. The mean value of yearly averages of radon concentrations was 55 Bq/m3. 9 In a more recent survey, made by a member of the staff from the former one, 998 dwellings were monitored (by E-PERM electret chambers and TLDs) and the population weighted average turned out to be 107 Bq/m310 The average concentration was found to be 128 Bq/m3 in a survey, conducted between 1994 and 1998, including more then 10, 000 homes." A caution must be noted in using the latter result: these measurements were executed only in towns and villages with less or about 10, 000 inhabitants. Also, only the one-storied buildings were represented in the survey, which emphasized aim was to find the places with extremely high levels. Consequently, this survey cannot take as a representative one for the whole country, in spite of the large number of investigated homes. Considering the principles of selection, however, it is reasonable to expect that the result is above the country average. The statistical analysis of this survey indicates that approximately 5, 000-6, 000 homes are expected to be the radon concentration of above 600 Bq/m3. It should be mentioned, that this study was made by the help of elementary and high school students, led by their physics teachers. This practice is very impressive. This strategy is effective in spreading out large number of track detectors for monitoring the flats, and the aspect is a good tool to increase the public awareness of radon problem and to bring knowledge about the radiological protection and nuclear physics.
The best known radon spot in Hungary is a little village in The radon comes from the soil and rocks, as the soil gas measurements indicated, resulting in the indoor radon levels higher than 1, 000 Bq/m3 in several cases. Considerably work has been done, by the staff of University of Veszprem, to find dwellings with high background radiation caused by the slag building material, as it was mentioned above.
It is logical to expect that the high radium concentration in building material contributes to radon concentrations elevated in air of these dwellings. The studies cited above indicate that really this is the case. 3-5 Even the major part of the dose contribution due to these materials, which can categorize as TENORM, attributed to radon exhaled them (the minor one presented by the external gamma radiation). The radon measurements in these studies were executed with wide range of methods. These include the integrating method by track-etch detectors, continuous and grab sampling methods. The results measured in three Hungarian towns by track detectors are represented in Table 2 . The difference among the results in the three towns is derived from the fact that each of the measured flat in only Ajka town contained TENORM (slag) but there were some uncertainties in the two other cases. On the other hand, as it is described in latter studies,15,16) the different kind of slags can possess different radon emanation coefficients. The authors present their calculations concerning the dose contributions due to the external gamma radiation, the internal exposure of radon and its progeny and the sum of the both, in some cases of flats having this material in Table 3 . It can be seen that these doses are not negligible. In some cases, it even exceeds the annual limit for occupational dose. Since children have considerable higher sensitivity for ionizing irradiation than adults, special attention must be paid to these dwellings from viewpoint of radiation protection if they live in there.
It should be noted that there is no limit concerning radon in homes in Hungary at present. The regulation with the radon concentration of 1, 000 Bq/m3 is assigned for only workplaces. The EU suggestion is between 200-600 Bq/m3 and hopefully action level will be chosen somewhere here in the near future for homes as well in Hungary.
IV RADIOACTIVITY IN WATER
Radioactivity of water also can be an important source of internal exposure on public. This is due to the radioactive elements contained in water, which can be incorporated by ingestion and the dose due to exhaled radon also should be taken into account. Numerous investigations have recently been conducted in Hungary to measure the main radioactive components of potable water and water using in bath and spas. Herewith only the results are discussed; the details of measurement methods and dose calculations can be found in the references. 1724)
One of them aimed to investigate the three most important radioactive elements in the Hungarian public service water: radon, radium, and uranium concentrations were measured in samples taken from public drinking water supplies of Budapest (the capital) and the three large cities of each Hungarian county. The obtained data were compared to the data available in the existing literature. It was concluded that the natural radioactivity of Hungarian drinking water is in the order of magnitude of the worldwide average. The measured radioactivity levels never exceed the limits of the valid Hungarian standards and the WHO reference levels. It was found that radiation doses to the Hungarian public from water consumption are 12. 7+9. 6 uSv y-1 from radon, 8. 8+4. 5 (tSv y-1 due to radium, and 7. 3+7. 8 uSv y-1 from uranium in the drinking water. Comparing to the 2. 4 mSv y-1 value of the worldwide average of the public dose from natural sources of radiation, these doses are negligibly small. 19 There are some studies on investigating geothermal water using on a large scale for bathing, drinking and medical purposes. 17, 20, 21) Due to peculiar geology of the Carpathian Basin thermal and medical waters of outstanding abundance occur also in Hungary. More than two third of the country territory, hide huge amount of high temperature artesian and karstic water in the depth. In these works radon and radium activity concentrations of thermal and bottled mineral water, originating from different regions of Hungary, were measured. It was found that the thermal springs, which supply the world famous baths of Budapest along the right riverside of the Danube, have high 222Rn and 226Ra activity concentration: Table  2 Radon concentrations of three towns measured by nuclear track detectors. Investigations on bottled mineral water show that only one type of commercially available product had extraordinary radium content (1,000-2,000 Bq/L).21-23) But the company changed the technology (they did not give details about it) and nowadays this water has the radium concentration similar to the average tap waters.
The measurements on other popular wells and spring water indicates that the 222Rn concentration of them varied between 1. 5-55 Bq/L while 226Ra concentration between 0. 004 -0. 601 Bq/L. 23, 24) As an example, the 222Rn and 226Ra activity concentrations of spring water from Balaton Upland are presented in Fig. 2. 24) The results suggest that the dose contribution of waters is generally negligible. Notwithstanding this result, the internal exposure due to the consumption of highly radioactive water should be taken into consideration, especially for the radium incorporation of adolescents and children. 24
It should be noted that maybe the two most important radionuclides in water are the radium and radon and their concentration differ in very wide extent due to the origin of the water source. For instance, the radon concentrations range from 0 to 106 Bq/L. 1 Fig. 2 The 226Ra and 222Rn activity concentrations of spring waters from Balaton Upland.
